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This stuiy ezaained the relat j.onships betveen spatial 
ability^ satheaazics achfevenent, and sex for students in grades 2-7, 
Four spatial tests {eabedded figures, serial integration, 
coordination cf viewpoints, and rotation and developaent of surfaces) 
were used to aeasure spatial ability^ se2 and Bathenatics 
achievenent, as measured bj the Iowa Test of Basic Skills, were 
deterained froa school records. Data for the 90 subjects were 
subaitted to four three factor (grade x sex x Batheaatics 
achieveseiit^ analyses of variance. All analyses yielded results 
indicating a relationship between spatial and aatheaatical ability. 
For two of the tests, sex. differences favoring aales were revealed. 
(SD) ' ' • 
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Spatial Abilities, Mathe.-aacxcs Achievement, 
and the Sexes 
Abstract 

The literature suggests a relationship between spatial 
and n^theraatical thinking and a 'sex difference favoring males 
regaling spatial abilities. '. This study examined these 
notions regarding specifid types and levels of spatial abil- 
■'ities. Four spatial x.bszs. e-^edded figures, serial inne- 
gra^ion, coordination of viewpoints, and rotation and devel- 
op.~exnt of surfaces, representing various levels of spatial 
thinking coniplexity were adir.inistered to SO children enrolled 
\n grades two through severfv- The scores from the four tests 
wfejre analyzed m separate three-factor analyses of variance 
(Grades X Sex x Kath^niatics Achievement) . All four data 
analyses revealed that high hratheniatics achievers appear to 
have greater soqitial ability thah low mathematics achievers ; 
that older, children seem €p have greater spatial ability 
than younger children. Data ^analyses for the two tests meas- 
uring higher level spatial ability, coordination of view- 
points*, and rotation and development of surf-aces, indicated 
sex differences favoring males. 



Spatial 'Abilities, Mathematics Acnievement , 
and the Sexes 



Recent reviews by Fennema (1974) and Maccoby and 
jacklin (19740 establish male superiority in spatial abil- 
ities and in matheniatical abilities both appearing during 
early adolescence and continuing throughout adulthood. The 
concurrent developriental trend m tf.ese two abilities leads 
to the suggestion that less adequate spatial abilities anong 
girls luight help explain less adequate achievement m raathe- 
matics. Fennema's excellent discussion o^ thiS' topic iden- 
tifies the^ key problems which cloud adequate synthesis of 



past work and serVe as focal points for the present study. 
1. There is no uniform agreement on the critical factors 



which specify "spatial ability. 
2. V?hile fairly good evidence exists -for a relationship 
, between spatial abilities and ^mathematical achievement 

at the "secondary and college levels, little is known 
\ about such relationshios at earlier developmental levels 
Each of these issufeg merits a* brief elaboration. 
Spatial Ability and Its Subdivisions 

Smith (1964) cit^s early studies by Kelly, Guilford, 
and* Thurston establishing two or more factors entering into 
tests purporting to measure spatial abilities, ^^n reviewing 
the studies related to spatial .ability and sex differences, ^ 
Maccoby and Jacklin (1974) divided the studies into two 
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categories. Thirty studies seem to involve nonanalytic 
spatial processes (e.g., mazes, form boards, or block coUnt-^ 
ing) and 47 studies seeraed to myolve , analytic visual spatial 
processes {e.g., embedded figures or rod and frame). The 
analytic tasXs were tentatively /lewed iby Kaccoby and jacklin 
as requiring "decontextualization" ^ i%e., the process of 
disembedding the stimulus or figure sjRom its surrounding 
context. Both types of spatial casks shewed a similar devel- 
opmental pattern with respect to sex differences, a male 
advantage appearing in adolescence. 

Smith (1564) appears to have synthesized the research 
literature on spatial abilities about as thoroughly a3 ajiy 
investigator in tnis area. Based on a review^of the factor 
studies aval lab ;Lej and his ^wn research. Smith concluded that 
"the critical factor in testis of spatial ability is 'the ' abil-. 
ity to grasp, as a whole, the configurational aspects ,of a 
pattern, i.e., to visualize, hold in mind, and perform oper- 
ations with patterns perceived as integ^Ate^^holes. Giv^n 
this critical feature 'of spatial ability. Smith points ou.t 
that part of the difficulty in detecting this ability in 
factor studies is that spatial tasks may *be accomplished 
using different ways of perceiving and solving the problems.^. 

one can appreciate Smithes notion of grasping visual 
configurations as opposed to analyzing distinctive features 
of figures by noting his comparison of ways in which designs 
can be ireproduced from memory. i 
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Those svibjects who*can form aind retain an image of the 
design will be best served by^ay "fixative" mode of 
attention. Having fixated the design, they will retain 
the figure "i-n mind" as a complete gestalt and- will 
h^ve no difficulty in reprodjicing the figure in its * 
cft^5pct proportions. On the other hand, subjects who 
form visual images with difficulty will be best served 
by a "diffusive" mode of attention. They will tend to 
glance at different parzs of the figure during the 
exposure and will attempt to remember as many details 
' * .as possible. They will- jjpduce a design which may 

incliide most of the necessary details, but may well be 
incorrect as an organized structure or whole. The 
* proportions of the figure may ^e quite incorrect, 

(pp. 20V208) . 

With respect to sex difference in this particular 
ability, .Smith cites a sti^dy by Taylor (1960) involving 100 
boys and ^0' girls having an average age of 14 years, 4 
months. . When a memory for designs test was scored ponven-^ 

tionally,. a difference in means favoring- the boys by about 

, > f * , 

3 score points was. shown. When scored for accuracy of 

- '■ ^ 

details* , the mean scores favored the girls by about JT' score 

point. When ^marked for correctness of proportions , the mean 

« 

difference swung back to .f avor the boys by a striking 12 
points (rounded). Thus, Smith sees the ability to visualize 
and retain patterns as optical spatial factor, and when 

• ' \ 
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this factor is- isolated by scoring techniques, there is evi-' 

•dence that the difference between boys and: girls is further ' 

* ' 

accentuated. ^ 

Need for Developmental Studies , ^ 

Most studies showing a relationship between spatial' . 
abilities and mathematical achievement have been conducted ^ 
at the secondary and college' level. Smith maintains that 
soatial abilities are most directly related 'to the raatheraat- 
ical thinking -required for higher level conceptualization 
and may have little to do with the numerical facility involved 
in ordinary arithmetic. Fennema (1974) in direct reaction 
to Smith's position writes, "in order to learn new ideas/ 
learners are dependent upon prerequisite ideas in their cog- 
nitive structure. Little is known concerning the impact of 
spdtial ability on the ' acquiring of these prerequisite math- 
ematical ideas on which all later mathematical Icnowledge^is 
based." (p. '8) There is a need, ^s Fennema points out, to 
study the effect of spatial ability .on mathematicAl-X^arji- 
ing at various developmental levels. ' 
Design of the Study • 

Our discussion *-pf some of the critical issues involved 
in spatial abi^-ity points to an assumption which seems suf- 
ficiently warranted to provide a working hypothesis for 
further research. Smith '-s contention that the critical 
skil'l iA' spatial tasks is the ability to grasp, retain, and 



nfejiipulate visual conf igxirations seems reasonable. Given 
this assumption, one might ask whether tills ability might 
not have a hierarchical structure ranging, perhaps, from an 
ability to conceptualize patterns to the -ability to mentally 
transform those patterns into different forms. Recognizing 
that the first iteration of such a hierarchy is likely to be 
crude in many ways, we would like to propose four ascending 
steps or tasks in which the abiliry to visualize configura- 
tions and perform mental operations with them will be mani** 

fest. An appropriate test for each of these abilities, is 

# 

shown 'in parentheses. 

1. The ability to form a simple pattern from a lim- 

' ited series of stimuli seen one at'a.*time. (Serial . 

* i 

integration) 

2* The ability. to perceive a configuration and to 
' * retain that conf igxxration in mind despite -dis- 

tracting ejL'ements. (Emb^ded' Figures) . ^ 

/ •/ f . • ^ • 

3* The ability to. perceive a 'three-<^irae9isional object 

and conceptualize t^nat object suff ici'fently well to 
describe portions of it not immediately visible. 
(Coordination of Viev/points) ' y 

4. The ability to conceptualize a three-dimensional 
^object and td mentally transform this obje^Jt into ' 
a two-dimensional representation. (Rotation and \ 
Development of Surfaces) 
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It seems iraportant to* determine if tests of , the four 
separate types of spatial abilities differentiate between \J 
students classified as to grade, sex, and mathematics achieve 
ment*' The current study is designed with these variables m 
'ToLnd and makes provisions for four measures (levels) of 
spatial ability, a standardized measure of arithmetic achieve 
ment, six developmental levels (grades 2 through 7) > and a 
reoresentati-on^of both sexes a t each grade level. 

Method 



instruments 

Four tests of spatial ability were developed by the 
authors, each test designed -to measure a more complex t^pe 
of spatial ability: 

Serial integrktion (SI) (McDaniel, 19^4) This is a 
group test designed to measure theUbility to integrate into 
a pattern visual stimuli *seen one at a time. Subjects, watch 
a screen while single lines are projected one ^t a time. 
Then four figures are shown on the screen. The children 
must select the patter'n formed if all lines were presented 

simultaneously. ' . ^ • 

• * - * ■ 

^Embedded Ficmres '(EF) (McDanie'l, 1974) , This is a group 
^est designed to measure the ability to l^old A visual ges- 
talt in spite of distractirig elements. Siabjects watch a 
screen while a simple pattern 'is projected for five seconds. 
Following this, a response display is shown containing four 



more complex designs^ one of ♦which haS| included in it the - 

*" • • • 

more simple pattern. The" childi'en must select the ctpsign ^ . 

contairiing the embedded 'figure .* ' • - ;. , 

Zbordination of Viewpoints (CV) (Guay, 1975) This, is.- • 
an individually administered test designed to measure- the 
ability to visualize the shape of . objects from various viej^^ 
points. Siabjec/ts are seated at- a xbund tabj-e and observe a • ^ 
particular three-dimensional geometric ot^j^ct (cube, pyra- 
mid, etc.)* Three line drawings are then projected onto a 
screen. The cJiildren. must ^ select the one tha-t iDest repre- 
sents the object's app^rdnce as seen from specif ied yi*ew- 
points other than their own. ; ^ 

/ ^ ilot^tion and Development ' of Surfaces (RD) , (G\ia5?^,_JL32.5) 
This is an^individiially adm^-nlstered test utilizing the same 
objects as the CV Test. The purpose af this test is tb meas- 
ure the ability to anticipate the rq-tatioh and development*, 
of object sjarfaces. While inspecting^he object, the children 
must sele.ct from among three drawings projected o|i a screen 
the one which represents the. object with its surfaces rotated 
and develope d in to a single plane. " ' , 



f — — ' r — ^ 

Procedure ♦ ^ , 

/ . 

The* SI, GV, and RD Tests were administered to a total 
♦ * » 

of 90 children, approximately 15 children selected at ran- 
dom from each of six grade levels, two through seven. T!he 
EF Test was adminis-tered onj^to the children enrolled in 



grades five through seven. Tl^e children were serected, from 
6ne school located in Lafayette, Indiana. ^ ^ ^ 

•Children at each grade . level were cJLassifijfed according 
to two factors: (1) math achievement and {2) sex. ^ The 
children, were divided at the median of each grade ^ level , into 
•higH)and Ipw math' achiever s\on the basis of, their total math-^ 
'ematics* acfiieyenfent sco.res_on^the I owa Tests of Basic ^ Slfills . 
The'fee scbrfes were available from school records. 



Results 
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TheySI/ CV, and RD scores were analyzed in separate 
6x2x2 (Grades ^ Sex x Mathematics ^Achievement) analyses of 
variance. The EF score was analyzed employing a 3x2x2 (Grad^ 
X Sex X Mathematics Achievement) analysis of variance. 

fa 

Although nbne of the four analyses reveaied either second- 
or third-order ijnteraction effects among the three factors, 
significant 'main effects of the 'individual factors v|ere found. 

"significant grade mairi.^ffects were found for scores, 
.F-{5,66)- = 4.19, 005,7 EF^scores, F (2, 34). = 6.41, £<.005; 

CV scores^, F(5,66) = 4.*^58, £<.005; RD scores, F(5,:66) = 6.16, 
£<.001. Since only interactions of grade ^ith sex or i^ath 
.achievement .were of .primary interest to this study, no statis- 
tical probes were condxicte'd on tjie significant grade main 
effects* However, an inspection of the grade marginal mean^ 
indicated a trend toward an increase in Si, EF, CV, and RD 
scores with an increase in grade. ' . , 



Significant mathematics achievement maimeffect^s were. , 
.foxind for SI scores, F{1,46) = 12.^8, jg^.OOl^^EF scores, 
F(l/34) ='19.61, £<.001; CV Scores, FCl/66) = 9.88/£<.005; 




RD scores, ^1,66) = 5.72, £<.05. .The ddta revealed that 
the^mean scores for ^11 four te^ts were significantly higher 
for th^ high mathema^tips achievers than for the low mathe- 
matics achiavera*.__iElxe^mean^sj::j0xe5^£o^ SI were 21. MO arid 
18.08; -for the EF, '21.44 and 17-.70; for the CV, 9.42 and 
7.49; for the RD, 9. -24 and 7.91. * ' 

^ SigniffSarit sex main effects were found for CV scores, 

F.(l,66) = 7.21, £<*.01, and RD scores, F(l,66) = 4.62, 
£'<.05.^ The data indicated that^ males had a significantly, 
higher CV mean score (9.30) than^^•female)s (7.85); males had 
an RD mean scor© (9.20) that was significantly higher, than 
females (7.98), No significant sex differences -were found - 
for the SI or JEF scores. • 

. Discussion 

These^indings reflect on the issues raised initially. 
Ali four spatial tests differentiated between high and low 
achievers in mathematics. High mathematics achievers were 
found to have greater spatial ability than low mathematics 
achieVers. The findings suggest that spatial factoirs are ' 
related to numerical facility starting, at a relatively early 
point in the students' schop^l experience ^nd continuing ^ 
through the elementary and j'unior high school grades. Thus, 
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these results, indicate that the relationship "between spatial 

. . _ ^ *. 

abilities and mathematical achievement, which is fairly 

well established at the secondary school, level (Fennema, _ 

* • • • 

1974), extend dbvmWard^^Sothe earlier grade levels. Since 
the contents of th^^owa tp^ at the elementary levels stress 
calculation sk>ils, these /findings-dQ.4iot support Smith's- 
(1964) contention tl:&tt spatial abilities, are related only tQ 
abstract abilities r^qutfed in higher mathematics.^ 

The fiijdings also suggest that females and males often ^ 
have different: aptitudes for spatial thinking. Although the 
scores on the spatial tests requiring the^re eleme-ntary 
spatial abilities and SF) were, independent of the siab- 

jects' seH, 'male^^ performance on the higher level spdtial 

^ • \ 

tests (CV and RD) was significantly better than -females ' . 

The sex differences were not fbi^d to be a function of any 
variation in .grade level. "These observaticjps are consistent 
wi^ literature reviews (e .g. , ^Maccoby & Jacklin, 19^^^^ • 
indicating sex differences favjoring males, but ihcona^stent ^ 
v/ith*t^at portion of the reviews suggesting that sex differ- 
ences become evident- only during early adolescenc?e . 

•Take^x as a whole, the study suggests that there may be 
value in following Smith' s motion that the ability to* grasp 
and manipulate gestalts is the significant factor in' spatial 
ability. Accepting this position openi the way to attempts 
Jlro* dimensionalize thi^ factor along a continiaura ranging from 



I . ^11 

simple recognition and reten\:ion of J>at terns to more elaborate 
mental manipulations-o^ visual images*. This study also points 
the way to the more precise analysis of the spatial abilities 
which seem to be associated with laathematical competence. 

V 

The findings support the contention that the rexationshxp 

between .spatial and mathematical thinking appears . to^ exist 

•for lower level as well^as higher level spatial abilities. 

And finally, t3;iis study provides a more • precise specification 

of the 'types of spatial abilities which seem- to be associated 

with sex differences. The results support the notion that 

» 

sex differences in favor of males may exist only for higher 
level spatial abilities. 
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